QO 

CD 
©I 



PATENT SPECIFICATION 

(21) AK>lication No. 42876/73 (22) Filed 12 SepL 1973 

(23) Ckunplcte Spedficadon filed 5 ScpL 1974 

(44) Complete Spedficatioii published 3 Maich 1976 

(51) INTCL» G01N33/00//27/46 

(52) Index at acceptance GIB IIX 17X1 17X2 22J 22X 
(72) Inveator DAVID TREVOR BOYLES 



(11) 1 426 786 
(19), 




(54) MICROBIOLOGICAL METHOD FOR ESTIMATING; THDE 
TOXICITY OF LIQmD INDUSTRIAL EFFLUENTS 



(7l\ We, THE BRITISH PETROL- 
EUM COMPANY LIMITED, of Bn^nic 
House, Moor Lane, London, EG2Y 9BIJ, a 
. British Company, do hereby declare the mven- 
5 tion for which we pray that a patent may be 
granted to us, and the method by whidi it is 
to be perfoimed to be particularly descnbed 
in and by the following statement: — 

The present invention relates to a nucro- 
10 biological method for estimating the toxicity 
of liquid industrial effluents and in particular 
of iSnery effluents. , 

It is known that certam substances affect 
the rate of respiration of micro-orgamsms and 
15 diat some substances can reduce the respira- 
tion rate of yeasts. This reduction m r^ira- 
tion rate has been related to the toxicity of 
the substances to littoral marine animals e.g. 

20 "^e have discovered that certain industrial 
effluents reduce the rate of rcspixadcm of 
micro-organisms and that when die nucro- 
organisms are in a highly physiologicaUy active 
state this reduction can be used xx> estimate 
IS the biological toxicity of the effluent. 

Accoidini^y the present invaition is a 
method for estimating the toxicity of a hquid 
industrial effluent which comprises imxmg a 
culture of an aerobic single cell micro-organism 
30 in the exponential growth phase with a 
measured sample of the effluent m the pre- 
sence of water, incubating the mixture thus 
'formed under substantially anaerobic condi- 
tions to permit toxic substances present m the 
-i^ effluent to penetrate the cells of the miOT- 
organism and to react with the sites for aerobic 
respiration in die cells, measuring the rate of 
aerobic respiration of the cells and thereafter 
comparing the rate of respiration of the ceUs 
40 which have been in contact with the effluent 
with the respiration rate of cells which have not 
been in contact with the effluent. 
■ The method is simple and can be operated 
by relatively unskilled personnel It is rapid 
45 and facilitates the testing of a large number 
of samples in a day. Consequentiy it is par- 
ticularly useful as a day to day monitor of 
the toxicity of liquid industrial effluents gener- 
ally and of refinery effluents in particular. 



Any aerobic single cell micro-organism can SQ 
be used as the culture in the present method. 
The yeasts are particularly suitable because 
yeast preparations are readily available com- 
mercially, e.g. dried or wet bakers yeast or 
brewers or wine yeast The yeast Saccharo- 55 
myces cereviseae is the preferred^ micro- 
organism because it is universally available. 

Techniques for bringing single cell micro- 
organisms into the exponential growth phase 
are known and any of these known techniques 60 
can be used to prepare die test culture for use 
in the present method. For example the micro- 
organism can be cultivated in an aqueous 
nutrient medium in the presence of a utilisable 
carbon source and in the presence of a gas 65 
containing free oxygen until the culture is in 
the exponential growth phase. When the 
micro-or^nism is a commercial preparation of 
yeast the cells can be brought into the ex- 
ponential growth phase by bringing the pre- 70 
paration into contact with an aqueous nutrient 
medium containing mineral salts and there- 
after incubating in the presence of a utilisable 
nitrogen source e.g. ammonium ions and a 
utilisable carbon source e.g. glucose and a gas 75 
containing free oxygen. 

Conveniendy the dry weight of microbial 
cells in the exponenti^ growth phase to be 
used in the present method can be in the range 
0.04 to 2.0 milligrams and preferably 1.0 80 
milligram per miUilitre of effluent sample. 

The volume of effluent sample required is 
relatively small for example in the range 1 
to 10 millilitres and preferably about 5 milli- 
litres. , . 85 

The total volume of the mixture containing 
the culture of microbial cells, effluent sample 
and water to be incubated is usually in the 
range 2 to 20 millilitres and preferably about 
10 miUiUtres. . 90 

The mixture is incubated under substantially 
anaerobic conditions until toxic substances pre- 
sent in the sample of effluent to be tested pene^ 
trate the cells and react with the sites for aero- 
bic respiration present in the cell. The length 95 
of time required can be determined empirically 
by estimating die time taken to give the maxi- 
mum effect on the rate of aerobic respiration 
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of the cells. For example when Saccliaromyces 
cereviseae is used as the culture ^e incubation 
period is usually in the range 15 to 180 
mitiiirpit and preferably about 60 minutes. The 
temperature of the mixture during the incu- 
bation period can be in the range 20** C. to 
35* C and preferably is 30* C. 

The rate of aerobic respiration of the cells 
can be measured by any known technique such 
as for example Warburg Respirometry, gas 
analysis or by means of radio isotopes. How- 
ever for the rapid evaluation of samples it is 
desirable to use a technique which incorpor- 
ates an oxygen electrode. Any known oxygen 
electrode can be adapted for use in the present 
method. Most suitably the oxygen electrode 
can comprise a chamber having an oxygen per- 
meable membrane which separates the test 
mixture from two osQrgen sensitive electrodes. 
Preferably the chamber has a means for con- 
trolling the incu^tion temperature of the 
test mixture, for example a water jacket. 

The present invention is further described 
with reference to the following example. 

Example, 
(a) Preparation of the culture. 

An aqueous nutrient medium havmg the 
following composition was made up to 1 litre 
with distilled water: — 



30 FeSO^ . 7H2O 
MnS04 . H2O 
ZNSO4.7H2O 
MgSO^.THaO 
K2SO* 

35 CuSO*-5HaO 
Gaa^ 
Kl 

MoO*Na:e2H20 
40 88% 

Cone HaSO* 



83.5 milligrams 



20.0 




253.0 


» 


585.0 




1335.0 


>5 


0.66 




100.0 


» 


0.1 




OS 


99 


0.2 


99 


0.75 mUlilicres 


1.04^ 


99 



The pH adjusted to 5.0 by the addition of a 
concentrated ammonia solution. 

8 grams of Vinkwik, a commercially avail- 
45 able dried preparation of the yeast SaecJtaro- 
myces cereviseae (Vinkwik is a Trade Mark 
owned by Soudiem Vin^^ards U.K.) was 
added to 800 millilitres of the aqueous nutrient 
medium. The mixture was shakoi by hand to 
50 distribute the yeast and then added to a f er- 
mentcr vessel. The vessel consisted of a 1 litre 
glass jar having a stainless steel top plate. The 
top plate had a pair of wire clamps for attach- 
ing it to the jar. The top plate had a central 
55 aperture with two roller bearings for a stirrer 
shaft, an aperture for an air inlet and an ex- 
haust aperture to the atmosphere. The stirrer 
consisted of a disc type impeller located at the 
bottom of the shaft. In operation the stirrer 
60 gave vortex agitation in the broth. In addition 
the vessel had a tube for the addition of am- 
monium hydroxide and a pH dectrode of a 
conventional type. 



Air at a pressure of 5 pounds per square 
inch was blown into the broth through an open 
ended pipe having a diameter of about 3 
millimetres. The flow rate was regulated by a 
needle valve, and the quantity measured by 
a flow meter. The air was filtered by passage 
through a tube containing cotton wool. The pH 
electrode was connected to a titrator consist- 
ing of a pH meter and a titrant delivery section 
for the addition of ammonium hydroxide which 
consisted of an automatic burette coupled with 
an accumulative recorder for recording the 
quantity of ammonium hydroxide added. 

The fermenter vessel was placed in a water 
bath maintained at 30** C An aerobic fermen- 
tation was carried out at a stirring speed of 
2500 revolutions per minute, an aeration rate 
of 30 litres per hour, a broth pH of 5.0 and a 
temperature of 30° C. The pH was maintained 
at 5.0 by the automatic addition 0.2 N am- 
monium hydroxide as required. The ammonium 
hydroxide in addition to controlling the pH 
provided the nitrogen substrate for the yeast. 

The fermentation was continued imtil up- 
take of ammonium ions ceased. Growth to this 
initial stage was thought to be at tiie expense 
of the carbon substrate present initially in the 
dried yeast preparation. One gram of g^lucose 
dissolved in 5 millilitres of water was then 
added to the broth through the esdiaust aper- 
ture. The fermentation was continued for a 
few minutes until a rapid consumption of am- 
monium hydroxide was observed. To prevent 
foaming at any stage of the fermentation 0.1 
cc of a 5 percent weight/volume suspension 
of Alkaterge C (Alkaterge C is a Registered 100 
Trade Mark and consists essentiaUy of a mix- 
ture of natural coconut fatty add) was added 
as required. 

At this stage the yeast culture was in the 
exponential growth phase. The ceUs were in 
a highly active physiological condition and were 
very sensitive to variation in environmental 
conditions and in particular factors affecting 
the rate of cell division. Furthermore this 
condition could be reproduced and was sub- 
stantially independent of the physiological state 
of the yeast in the initial preparation. 
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(b) Test Procedure. 

A series of 5 cc samples of the culture broth 
containing highly physiologically active yeast 115 
cells prepared in accordance with the Proce- 
dure described in paragraph (a) were added 
to a series of 25 cc glass test tubes havmg 
ground glass necks and glass stoppers. A 
series of 5 cc samples were taken from four 
different stages in the purification system 
of an effluent from a petroleum refinery. A 
sample of effluent was added to each mbe 
^mtatning a Sample of culture broth. Control 
samples each consisting of 5 cc of distilled 
water were added to a further series of samples 
of culture broth. j r 

The following sequence was adopted tor tne 
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preparation of the tubes containing control and 
affluent samples. One conool t«be ^ 
pared foUow^ by two duplicajc <^l»f««^: 
This procedure was r^ted for cadi effluent 

"1?&at^?Ser addition the effluent or 
control samples to tiie tooth a^ple^;*^. 
were stoppered and shaken by hand for 30 
^nds ^d then placed in a water bath at a 
^JS«iure of 30» C. and allowed to «and 
to 60 minirtes. The conditions throughout this 
Zdod were essentiaUy anaenAic. No f eimenta- 
^ activity was observed. It is thought that 
the tfflric substances present m Ae efflu^t 
ocnetrate die ceU and react wiih the sites for 

respiration. The period of one ho« 
thought to be the optimum tune f ortwoc wb- 
stan^ present in ifae efflumt to «cat «n 
on the yeast. After staadmg for 60 mmutts 
^ch mbe was shaken by hand for 10 secon^ 
diereafter die dissolved ^f'^^'^jl^ 
^^^^ was monitored and die ra« 
bic respiration of die culture was measured as 
foUow^ The apparatus used was an oi^gen 
5Se WrkKy Rauk Brodiers of Cam- 
Srito England. The electrode compnsmg a 
S«5 iiSSdiamber divided by an o^^^ 

^ to ^ve a KHie contammg a platmum 
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electrode a sflver/silver chloride de^de and 30 
rzone for die Uquid to be tested. The hc^d 
test zone contained a magnetic sorrer. 1 
eleoiodes were connected to a polansmg umt 
and a potentiometric pen r«»wer. 

Inunediately after bemg diaken by hand tte 
stoppered tube containing die ^^^J^^' 
troduccd' into die test zone of the de«rode 
and die water jacket was """^^"^ "*,ifSe 
perature of 30° C Air was «chided from fte 
Lt zone by inserting a stopper m die watei 
which has a small hole for &e purpose. 
Kiissolved oxygen <?«^l'^^fl.^l 
was monitored automatically bj ^ST^ 
^ polarising unit and «5««»«^.^y„?'^f^ 
recorder. The rate of aerobic respiration of the 
5SrSas measured from die linear V^ru^^ 
tte recorded graph of die dissolved oxygen 

"^^"^i, of each dupUcate pair of efi^- 
ent samples was estimated by compaimg die 
rate of die efiluent treated yeast 
^ die mean value of die respirauon rate of 
the control yeast sanyiles. tm. 1 

The results which are given in Tabk 1 
sh^ d^ere is a decrease m dte ^xi<^ 
of die refinery effluent as estimated by the 
me^d of ^ present imvention aawrdmg 
deg.ee of purificatioii of die effluent. 
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TABLE 1 




satisfactory for a bio assay metho^^ 

After an interval of three weeks a J™™" 
set offour refinery efHuent samples were col- 
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lected from the same points in the effluent 
Sn 0° Ae same refin^ as those previously 

These samples tested 
S the same method f^^j^^^ 
testing the origmal set of samples, ine oaia 
obtaLoed is given in Table 2. 



70 



4 



.,^26,786 



4 



TABLE 2 





Percentage aerobic 
Respiration rate in relation 
to control sample 


iVlwail VcliUC ui L>viiuui ocuiipica 


100 


T^rrinpnt treated fiflmnleR 

.^^dlUwlH UvOvwu aaui^Awa 


Sample A 


Sample B 


/\ni6riwan r^dnjicuiii 
Institute Filtered 1. 


59 


58 


American Petroleum 
Institute Filtered 2. 


60 


63 


Sand Filtered 1. 


74 


76 


Sand Filtered 2. 


66 


77 


Biofiltered 1. 


111 


112 


BioHltered 2. 


93 


109 


Waterfall 1. 


111 


109 


Waterfall 2. 


117 


112 



The data given in Table 2 ^ows a similar 
trend of toxicity to that shown by the data 
given in Table 1. However the general effect 

5 was less marked in Table 2. The samples taken 
from the waterfall showed a stimulatory effec^ 
in comparison with the control. It is concluded 
that the original refinery effluent contained 
more toadc material than did the effluent three 

10 weeks &ter. 



A further test using the same procedure as 
that described previously in relation to the 
first set of refinery effluent samples was carried 
out on a known toxic compound namely pure 
toluene. 

The data obtained from die test is given 
in Table 3. 
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TABLE 3 





Percentage aerobic 
Respiration rate in relation 
to control samples 


Mean value of conttol samples 


100 


Sample containing Toluene ppm 


Sample A 


Sample B 


100 


97 


97 


. 200 


104 


94 


350 


83 


81 


500 


46 


51 


750 


4.0 


4.8 



The data shows a direshold toxicity at a 
toluene concentration of between 200 and 350 
parts per million. An article published in 
5 Nature 1971 March 5, Vol. 230, pp. 44 to 47 
gives the toxicity of toluene to Mosquito fish 
as 386 to 1,180 parts per miliioo. 
WHAT WE CLAIM IS:— • 
1. A method for estimating the tDadchy of 

10 a liquid industrial effluent which comprises 
mixing a culture of an aerobic single cell 
micio-organism in the exponential growth 
phase with a measiu-ed sample of the ^uent 
in the presence of water, incubating the mix- 

15 ture under substantially anaerobic conditions 
to permit toxic substances present in the 
effluent to penetrate the cells of the micro- 
organism and to react with the sites for aerobic 
respiration in the cells, measuring the rate of 

20 aerobic respiration of the cells and thereafter 
comparing the rate of respiration of the cells 
whidi have been in contact with the effluent 
with the rate of respiration of cells which have 
not been in contact with the effluent. 

25 2. A method as daimed in claim 1 wherein 
the mixture is held for a period of 15 to 180 
minutes to permit toxic substances present in 
the effluent to penetrate the cells of die micro- 
organism. 

30 3. A method as claimed in either claim 1 or 
claim 2 wherein the mixture is held at a tem- 



perature in the range 20** C. to 35** C. to 
permit toxic substances present in the. effluent 
to penetrate the cells of the micro-organism. 

4. A method as claimed in any one of the 
preceding claims wherein the dry weight of cells 
of the micro-organism present in the mixture 
is in the range 0.04 to 2.0 milligrams per 
millOitre of effluent. 

5. A method as claimed in any one of the 
preceding claims wherein the volume of the 
mixture is in the range 2 to 20 millilitres. 

6. A method as clmmed in claim 5 wherein 
the volume of effluent present in the mixture 
is in the range 1 to 10 millilitres. 

7. A method as claimed in any one of the 
preceding claims wherein the micro-organism 
is a yeast. 

8. A method as claimed in claim 7 wherein 
the yeast is a commercially available prepara- 
tion of a bakers, brewers or wine yeast. 

9. A method as claimed in claim 7 or 8 
wherein the yeast is a strain of Saccharomyces 
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10. A method as claimed in claim 1 and as 55 
herdnbefore described with reference to the 
Example. 

J. WOOLARD 
B. D. EVANS, 
Agents for the Applicants. 
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